Abstract Rarer species are expected to show stronger geographic differentiation than more common species. However, if rare species hybridize with common species, differentiation may be quite similar between the two due to genetic admixing via backcrossing. We studied morphological differentiation of plants of 21 natural populations of the more common Carex flava, 16 of the less common Carex viridula and 6 of their hybrids from 27 sites in three climatically different regions, Estonia, Lowland Switzerland and Highland Switzerland. Univariate ANOVA and multivariate principal component analysis of 14 morphological characters, describing both vegetative and reproductive characters, allowed to clearly distinguish C. flava from C. viridula. Carex viridula populations showed stronger regional variation than C. flava. Hybrids had both intermediate and transgressive characters in Switzerland and Estonia. On average, hybrids from Lowland Switzerland were more similar to Swiss C. flava than to C. viridula, while hybrids from Estonia were morphologically intermediate between plants of Estonian populations of the parental species. The results suggest that within-region genetic admixing between species has limited potential to lead to region-specific similarity between species, at least in our model system of the C. flava complex. We conclude that C. flava and C. viridula are clearly distinct species and that, despite hybridization, geographic differentiation is more pronounced in the less common C. viridula than in C. flava.
Introduction
Widespread plant species often display remarkable morphological variation across their area of distribution, which often spans considerable environmental gradients. Among possible causes is phenotypic plasticity or variation due to local adaptation (West-Eberhard 2003) . Accordingly, plant phenotypic variation and performance have been found to change with latitude (Santamaría et al. 2003; Hall et al. 2007 ) and altitude (Clausen et al. 1948; Jonas and Geber 1999) . Weaker geographic differentiation is expected for Handling editor: Mike Thiv.
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The online version of this article (doi:10.1007/s00606-017-1420-0) contains supplementary material, which is available to authorized users. more common species with contiguous distribution area and higher levels of gene flow than for less common species with scattered distribution and more isolated populations (Frankham et al. 2002) . Patterns of phenotypic variation in higher plants are also influenced by hybridization and introgression between taxa (Anderson 1949; Arnold 2006) . Hybridization and introgression can lead to genetic admixing (Lexer et al. 2010; Rius and Darling 2014; Hahn and Rieseberg 2016) between closely related and co-occurring species, reducing phenotypic differences.
At the same time, novel genetic combinations may emerge that present an important potential for evolution and speciation in plants (Stebbins 1959; Arnold 1994; Rieseberg 1997; Hegarty and Hiscock 2005) . Hybridization between species has been widely studied, including examples of hybridizing irises (Arnold 1992 (Arnold , 1994 , sunflowers, ragworts (Lowe and Abbott 2003) or Helichrysum species (Galbany-Casals et al. 2012) . However, most studies concerned only geographically limited regions. It is not clear whether genetic admixing may lead to greater similarity between geographically close than between distant populations of hybridizing species. This would be especially interesting for pairs of common and rare species co-occurring over large stretches of their ranges, as the expectation of higher regional differentiation in the rare species might be counter-balanced by introgression from the more common species. Possibly, if genetic admixing is strong between close populations of the two species, within-species variation between regions might even exceed between-species variation within regions. In addition to these hypotheses, as hybrids are mosaics of parental, intermediate and transgressive characters, this large variation may lead to differential selection in different regions (Rieseberg et al. 1993 (Rieseberg et al. , 1999 Rosenthal et al. 2002) .
Carex flava L. and C. viridula Michx. var. viridula are two taxa in the C. flava complex (Cyperaceae) with distribution in the temperate and subarctic Northern hemisphere and also in North Africa (Davies 1953b; Hultén and Fries 1986; Crins and Ball 1989b) . In Europe, both taxa occur from Scandinavia and the Baltic in the North to the Mediterranean in the South (Koopman 2011) . In Estonia and in Switzerland, C. flava is more common and abundant than C. viridula (Schmid 1981; Kukk and Kull 2005) . Carex viridula has a more narrow ecological distribution and constitutes smaller populations of more scattered geographic distribution (Davies 1955; Schmid 1984a, b; Kuchel and Bruederle 2000) . Davies (1953c) considers it to be a relict of wider distribution in the past, which disappeared from many localities due to habitat loss and alteration through peat mining, drainage of wetlands, regulation of water level and eutrophication of lake shores, where C. viridula prefers to grow Kuchel and Bruederle 2000) .
While both are considered distinct taxa, they are highly polymorphic and differences are subtle with many individuals being morphologically intermediate (Egorova 1999) . The morphology of the C. flava group species has therefore been addressed, e.g., in the British Isles (Davies 1953b; Blackstock and Ashton 2010) , in Bulgaria and former Czechoslovakia (Stoeva and Stepankova 1990) , in Finland , in Fennoscandia (Hedrén 2002 ), in Spain (Jiménez-Mejías et al. 2012 , 2014 , in Poland (Więcław 2014) , in Switzerland (Schmid 1980 (Schmid , 1983 and in North America (Crins and Ball 1989a, b) . However, the amount of regional morphological variation between climatically different geographic regions, and whether it differs between taxa, is not clear. Accordingly, Jiménez-Mejías et al. (2012) , who consider C. flava and C. viridula as distinct species, recommended future research based on expanded geographic sampling.
Hybridization between C. flava and C. viridula is likely as their flowering periods overlap to a considerable extent, even though C. viridula flowers slightly later in the spring than C. flava does (Vonk 1979) . Hybridization might also have played an important role in speciation in the section (Davies 1955) and has been linked to the instable chromosome numbers observed in C. flava populations from sites with co-occurring C. viridula in Switzerland (Schmid 1982) . Indeed, backcrossings of the hybrid with either parent are leading to introgressive hybridization between taxa of the C. flava complex, i.e., to admixing, which results in morphologically similar forms to the parents (Schmid 1982 (Schmid , 1983 . Accordingly, we found admixture of alleles between C. flava and C. viridula in a parallel study of microsatellite differentiation (Schmidt et al. in prep.) . Hybridization in sedges may have recently increased quite dramatically as a consequence of anthropogenic habitat disturbance (Cayouette and Catling 1992) . Hybridization between members of the C. flava complex was reported across their distribution ranges (Schmid 1982 (Schmid , 1983 Crins and Ball 1989b; Hedrén 1990; Egorova 1999) and was demonstrated to result in morphologically intermediate individuals (Stoeva and Stepankova 1990; Blackstock and Ashton 2010; Więcław 2014) . Studying the differentiation between hybrids from different regions would show whether the hybrids evolve differently in different regions and thus add to local biodiversity.
To address morpho-geographic differentiation within and between the hybridizing species C. flava and C. viridula var. viridula, we sampled plants in three climatically different regions, in Estonia, Lowland Switzerland and Highland Switzerland. We addressed the following questions: (1) is regional differentiation more pronounced in C. viridula, whose populations are more isolated and smaller in size? (2) Is between-region differentiation within species comparable in magnitude to within-region variation between species? (3) Are hybrids and their regional differentiation intermediate between parental taxa?
Materials and methods

Study taxa and sampling
Species in the section Ceratocystis Dumort., to which the C. flava complex belongs, are relatively small sedges. Carex flava and C. viridula are polycarpic perennials, grow clonally via very short stolons and thus form tight tussocks of genetically identical vegetative and reproductive tillers (Schmid 1984a) . Flowers are arranged on condensed spikes, which each usually contain flowers of only one sex. One staminate spike is normally terminal, underneath are 2-4 clumped pistillate spikes. Beneath the inflorescence is a long, spreading or down-turned bract. Female spikes consist of perigynia (or utricles), which contain single seeds in nuts. The utricles narrow abruptly to a distinct beak. Lower utricles are commonly down-turned when ripe. All taxa of the C. flava group are wind-pollinated, monoecious and self-compatible (Vonk 1979) . While the inflorescences are protogynous, partial autogamy via geitonogamy is rather common, so that about half of all seeds typically result from self-pollination (Schmid 1982) . Both allogamy and autogamy lead to normal offspring (Schmid 1982) . Carex flava occurs in bogs, fens, wet grasslands and ditches, and C. viridula additionally on shores of ponds and lakes with low vegetation cover due to flooding (Schmid 1980; Crins and Ball 1989a, b; Pykälä and Toivonen 1994; Toom et al. 2016) .
From 2012-2013, we sampled C. flava and C. viridula var. viridula s.s. (henceforth C. viridula), and their hybrids (C. x ruedtii Knecker = C. 9 subviridula Fernald) from 27 natural sites; 11 in Estonia up to 100 m a. s. l., five in Lowland Switzerland between 250 and 1000 m a. s. l. and 11 in Highland Switzerland between 1000 and 2000 m (Tables 1, 2, 3). Estonia (57°-59°N) is situated in a transition zone between maritime and continental temperate climates with moderate temperatures during the 5-6 months of vegetation season and with predominant summer precipitation. Switzerland (45°-47°N) was divided into two parts based on elevational difference. In Lowland Switzerland below 1000 m a. s. l., the temperate climate is mild, warm and moist, the vegetation season is long and freezing temperatures occur only during a short period in winter. The cold and moist environment of Highland Switzerland is harsh with a short vegetation season (Körner 1999) .
We sampled the plants in various types of habitats, C. flava in populations in bogs, fens, wet grasslands and inundated ditches, and C. viridula additionally also on lake shores. As expected, populations of C. flava were larger than populations of C. viridula in all three regions. The southernmost population was in Caslano in Lowland Switzerland (45°57 0 N; canton Ticino) and the northernmost one in Anija in Estonia (59°17 0 N; Harju county). In Estonia, we found most hybrids occurring also in disturbed sites (e.g., drainage, establishment of trails or artificial lakes), e.g., in Luunja, Estonia, on the shore of an artificial lake, or in Leie, Estonia, in an inundated ditch, in the Risti dried bog, Estonia, next to a highway and in Robenhuserriet, Lowland Switzerland, adjacent to a trail through a wet meadow. As hybrids, we considered sterile individuals with empty discolored utricles, growing at sites where both parent species were present. The hybrids were vigorous plants with sturdy leaves whose overall color was pale green, rather than the yellowish green of C. flava or deep green of C. viridula (L. Schmidt, personal observation). Molecular microsatellite markers confirmed that most of the putative hybrid individuals indeed had admixed genotypes (L. Schmidt, unpublished data).
Depending on the size of the population, we collected 5-30 mature individuals per population. Because taxa of the C. flava complex have very short rhizomes, samples obtained from discrete tussocks were assumed to represent different genetic individuals (''genets'' in the terminology of Harper (1977) . At 17 sites, only one of the two species occurred, whereas at the other ten sites C. flava and C. viridula occurred together and at six of these their hybrid was also present. In Highland Switzerland, C. flava and C. viridula co-occurred at three sites, where we did not detect apparent hybrids. Thus, we compare the two parental taxa between all three regions, but compare them to the hybrids only for Lowland Switzerland and Estonia.
All collected plants were dug out and immediately screened for 14 morphological characters. Then, all populations were cultivated and maintained in two common gardens, one at the University of Zurich, Switzerland, and one in Tartu, Estonia. Morphological variation of populations in the experimental garden is not a subject of this paper, but will be a follow-up study.
Phenotypic measurements
All morphologically investigated plants, i.e., all plants collected in the field in 2012/13, were measured at fruiting stage. We measured fourteen characters on reproductive tillers (Table 4) , five vegetative (leaves and stem measurements) and nine floral ones (inflorescence-related measurements). We chose these morphological characters based on previous morphometric studies (Davies 1953b;  Differentiation in admixing species 903 
Location gives latitude N and longitude E; n sample size, elevation (m a. s. l.), n (pop) total number of populations and n (ind) total number of individuals 
Location gives latitude N and longitude E; n sample size, Elevation (m a. s. l.), n (pop) total number of populations and n (ind) total number of individuals Schmid 1983; Crins and Ball 1989a; Pykälä and Toivonen 1994; Hedrén 2002 ). We measured macro-morphological characters on the fresh specimens with a standard ruler at an accuracy of 1 mm (e.g., length of stem, leaf and bract). The utricles were dried and photographed with an Olympus SP-500UZ digital camera mounted on an Olympus SZX7 binocular stereo microscope system before five well-developed utricles per plant were measured on the digital image with the Quick Photo Micro 2.2 software (Promicra). We deposited voucher specimens of all 43 populations in the herbarium of the Institute of Ecology and Earth Science of the University of Tartu (TU).
Data analysis
All analyses were carried out using the software R, version 3.1.2 (R Core Team 2016). Variation in quantitative phenotypic characters was analyzed with three methods. First, we used mixed-effects ANOVA to examine the effects of the fixed factors ''Taxa'' and ''Region'' and their interaction on each trait, with ''Population'' as random factor. Only staminate spike peduncle length (SSPL) needed to be log-transformed prior to the analysis to meet the ANOVA assumptions of homoscedasticity and normality. For the qualitative characters, we did the same analysis, but based it on population means. The analysis was carried out separately for the two parental taxa in all three regions, and for the hybrids with parental taxa for the two regions, where hybrids occurred. Secondly, the overall phenotypic variation among (1) 526 individuals of C. flava and C. viridula in three regions and among (2) 435 individuals of C. flava, C. viridula and their hybrids in two regions across all 14 characters was analyzed by principal components analysis (PCA) based on the corresponding correlation matrices of the 14 characters for the separate (1) or combined (2) taxa. Using correlations implies character standardization to zero mean and one-unit standard deviation. We extracted principal C. flava n (pop) = 7, n (ind) = 110 C. viridula n (pop) = 9, n (ind) = 118 Hybrid n (pop) = 3, n (ind) = 31
Location gives latitude N and longitude E; n sample size, elevation (m a. s. l.), n (pop) total number of populations and n (ind) total number of individuals Differentiation in admixing species 905 components with eigenvalue [1, and we recorded factor loadings with absolute value [0.5. Finally, principal component scores were calculated for each individual and these scores then analyzed with mixedeffects ANOVA as used above for the originally measured characters. To study how within-and between-population variation contributed to overall variation, we calculated variance components for both.
Results
Morphological differentiation between Carex flava and C. viridula
Overall morphological differentiation between C. flava and C. viridula was significant for 10 of the 14 characters tested, and the five most discriminative ones all were reproductive characters (Table 5a ). Moreover, we found common regional differentiation in both species for three characters (LW, SSL, SC, see Table 4 for abbreviations) and a different regional differentiation between the two species for eight other characters (PH, LL, BL, FSW, UL, UW, UBL, UBC; significant interaction Taxa 9 Region in Table 5a ). Among-population variance components varied between 11 and 40% of the sum of the within-and among-population residual variance (i.e., the variance after fitting taxa and region) for all characters, with higher values for vegetative characters (PH, LL) than for reproductive ones. In Lowland Switzerland and Estonia, the between-species differentiation was prominent in both vegetative and reproductive characters. In Highland Switzerland, however, the interspecific differentiation was evident only in the generally more constant female spike and utricle characters (Figs. 1, 2 ). This is because C. flava forms dwarf phenotypes at higher altitudes, sometimes referred to as C. flava var. alpina Kneucker (Schmid 1983) , which are more similar to C. viridula. The first two principal components explained 42 and 12% of the variation among the 14 morphological characters for all individuals of C. flava and C. viridula in Estonia and Lowland and Highland Switzerland combined (Fig. 3a) . The centroids of C. flava from the three regions were closer together than those of C. viridula, indicating that despite hybridization and introgression the rarer species was differentiated more clearly between regions. However, observed interspecific differentiation was comparably weak in Highland Switzerland (Fig. 3a) , especially in vegetative characters (Figs. 1, 2) . Possibly, this is due to phenotypic plasticity in response to the harsh environmental conditions in Highland Switzerland. Both species exhibited large variation within regions among individuals (Fig. 3a, b) . The analysis of the first two principal components showed that, with the exception of Highland Switzerland, within-region variation between species exceeded the between-region differentiation within species (Table 6a) .
Moreover, univariate analyses showed that withinspecies regional differentiation differed between vegetative and reproductive characters (Table 5b, c; Figs. 2, 3) . In Highland Switzerland, C. viridula grew taller and had longer and wider leaves, resembling C. flava in that region (Fig. 1, Online Resource 1) . Populations of C. viridula in Estonia and Lowland Switzerland differed mostly in the dimensions of their male spikes (SSL, SSPL, SSD; Fig. 2 , Online Resource 1). Even though there is morphological variation within a species between regions it is not significant enough to merit the recognition of additional taxa. Accordingly, both univariate and female spike width (d), utricle length (e), utricle width (f), staminate spike deflection (g) and utricle beak curvature (h), calculated among populations. Asterisks indicate within-species levels of betweenregion significance: *P \ 0.5; **P \ 0.01; ***P \ 0.001 multivariate analyses support the overall differentiation of C. flava and C. viridula.
Morphological differentiation between parental taxa and their hybrid Carex 3 subviridula
Hybrids from Lowland Switzerland were intermediate between the parental species for one of 14 characters (7%), similar to parent C. flava for 9 characters (64%) and transgressive (more extreme than in C. flava) for 4 characters (29%; Table 7 , Figs. 2, 3) . Accordingly, hybrids from Lowland Switzerland differed significantly from C. viridula in 11 characters, but did not differ from C. flava in any of the measured characters. It is possible that those hybrids were more similar to C. flava due to backcrossing with it because C. flava is generally the more abundant sedge at the sites. However, it is unlikely that such backcrossing was repeated over several generations because fertility would then at least partially have been restored (Schmid 1980 (Schmid , 1982 . Hybrids from Estonia were intermediate between the parental species for 10 of 14 characters (71%), similar to the parent C. viridula in one character (7%) and transgressive (one character more extreme than in C. flava and two more extreme than C. viridula) for three characters (21%; Table 7 ; Figs. 2, 3) . Accordingly, hybrids from Estonia differed significantly from C. flava in five reproductive characters and from C. viridula in four reproductive and three vegetative characters ( Table 7) .
The first two principal components explained 50 and 12% of the variation among the 14 morphological characters for all individuals of hybrids and parental species in Estonia and Lowland Switzerland combined (Fig. 3b) . Both univariate analyses (Table 7 ) and the PCA ordination clearly illustrated the similarity of the hybrids from lowland Switzerland to C. flava and the intermediacy of the hybrids from Estonia between the two parents (Fig. 3b) . Accordingly, the taxa (i.e., C. flava, C. viridula and their Degrees of freedom (df) and F values from ANOVA testing fixed (Taxa, Region, Taxa*Region) and random factors (population). Symbols indicate levels of statistical significance: *P \ 0.5; **P \ 0.01; ***P \ 0.001. For abbreviations of characters, see Table 4 . For effect sizes, see Degrees of freedom (df) and F values from ANOVAs for each trait. Symbols indicate levels of statistical significance: * P \ 0.5; ** P \ 0.01; *** P \ 0.001. For abbreviations of characters, see Table 2 Differentiation in admixing species 909 hybrid) by region (Estonia and Lowland Switzerland) interaction was significant for PC1 (Table 6b ).
Discussion
Morphological differentiation between Carex flava and C. viridula in three regions
Based on univariate ANOVAs and multivariate PCA of 14 morphological characters, we found that the differentiation between C. flava and C. viridula in Estonia and Lowland Switzerland, but not in Highland Switzerland, exceeds the observed within-species differentiation between regions. This indicates that C. flava and C. viridula are distinct species in the southern and northern areas of their European distribution, despite their hybridization and introgression. It may suggest that the phenotypic divergence between the two species is maintained by selection against locally maladapted hybrid individuals, as has been observed, e.g., for hybridizing Senecio species along a long elevational gradient on Mount Etna (Brennan et al. 2016) . Similarity of Carex species at the high altitudes in Switzerland could be due to local adaptation of C. flava or phenotypic plasticity in response to the harsher environment at higher altitude (Körner 1999) . Alternatively, dwarfing of C. flava (shorter culm and leaf length) and increased leaf width and length of C. viridula in Highland Switzerland appears to account for the lack of differentiation rather than simply dwarfing of C. flava alone. Molecular markers should be used to test whether the similarity of Carex species at the higher altitudes in Switzerland is due to genetic admixing (Schmidt et al. in prep.) . Morphological differentiation between C. flava and C. viridula has been described within several regions (Schmid 1983; Crins and Ball 1989a, b; Pykälä and Toivonen 1994; Hedrén 2002; Jiménez-Mejías et al. 2014 ), but we are the first to show that between-region differentiation is generally, though not always, smaller than betweenspecies differentiation. The taxa were more clearly delimited from each other in reproductive characters than in vegetative ones, as expected in general (Schmid 1992) . This is also in line with previous research in Carex, where reproductive characters were considered to be more consistent and useful in delimiting closely related species (Davies 1953b; Crins and Ball 1989a) , especially measures of utricles (Davies 1953a; Pykälä and Toivonen 1994; Salo et al. 1994; Hedrén 2002; Blackstock 2007; Janyszek et al. 2008) . Thus, while the number of seeds and flowers may vary between different environments, their size is less variable (Janyszek et al. 2008) .
Regional differentiation of Carex viridula and C. flava
We found stronger regional differentiation in the less common species C. viridula (Table 5b, c; Fig. 3a) . This is in line with our expectation that the species with the smaller and more scattered populations should show stronger regional differentiation. Our finding of high regional morphological variability of C. viridula is also consistent with earlier studies where C. viridula was found to show the highest phenotypic variability between populations within the complex in ecologically important vegetative characters (Schmid 1984b (Schmid , 1986b Stoeva and Stepankova 1990; Baur and Schmid 1996; Więcław 2011; Więcław and Podlasinski 2013) . According to Pykälä and Toivonen (1994) , the variation pattern of C. viridula in Fennoscandia is more complicated as the presence of interspecific taxa indicates its high evolutionary activity compared to other parts of the distribution range. This could be explained by a central-marginal hypothesis, as Fennoscandia is located in the periphery of the distribution. We encountered in Estonia also C. viridula varieties var. bergrothii (Palmgr.) B.Schmid and var. pulchella (Lönnr.) B.Schmid. But here we used only C. viridula var. viridula, so the observed differentiation supports the view of its evolutionary activity.
Experimental transplantations between the regions could reveal how much of the observed variation is due to heritable genetic differences among populations and how much due to environmental differences. Our results showed clear correlations between eco-geographic region and morphological characters, thus suggesting local selection.
Higher gene flow is expected between C. flava with its larger and less scattered populations than between the ones of C. viridula (Schmid 1984b (Schmid , 1986a . Accordingly, we found little morphological variation between populations of C. flava from Lowland Switzerland and Estonia.
Carex flava from Highland Switzerland was morphologically differentiated from the populations of the same species from the two other studied regions, mostly by its smaller size of vegetative characters. Similarly, large variation in plant size of C. flava found in the Scandinavian material (Hedrén 2002) and in a comparative study between North America and northern parts of Eurasia was attributed to phenotypic plasticity (Crins and Ball 1989b) . According to Schmid (1983) , C. flava is replaced by C. flava var. alpina at high altitudes (over 1000 m) in central Europe. The var. alpina is identified by shorter stems (less than 30 cm) and leaves (less than 10 cm), which is similar to the size of C. flava from Highland Switzerland in our study (Online Resource 1). Therefore, our results are in line with the recognition of the specimens of C. flava in Highland Switzerland as different ecotypes. We suggest to do reciprocal transplants between elevations to test whether the similarity of C. flava and C. viridula in Highland Switzerland is due to genetic differentiation or due to phenotypic plasticity.
Regional differentiation of the hybrid Carex 3 subviridula
Hybrids are expected and often found to be intermediate between parents (Lamont et al. 2003; Lowe and Abbott 2003) . We found hybrid intermediacy in Estonia, but not in Lowland Switzerland. In Estonian hybrids, 71.4% of the characters assayed were intermediate between parents, which is in accordance with previous reports for C. 9 subviridula (Stoeva and Stepankova 1990; Więcław 2014) . In Lowland Switzerland, the hybrids were mosaics with only 7.2% of the assayed characters intermediate, 64.2% C. flava-like and 29.6% extreme (Table 7, Fig. 3b ). We suppose that the C. flava-like hybrid populations in Switzerland contained ''cryptic backcrosses'' C. flava x (C. 9 subviridula). This finding corresponds with that of Schmid (1982) , who observed backcrosses at some field sites and suggested that C. flava can occasionally be pollinated successfully by F1-hybrids. Further backcrossing would then lead to increasingly more fertile and C. flava-like swarms of introgressive forms (Schmid 1982) . Asymmetric introgression has been observed in various plant species and usually occurs toward the more abundant parent (e.g., Ducarme and Wesselingh 2005; Lepais et al. 2009 ). Our preliminary results based on molecular markers show high admixture of the genotypes of morphologically identified hybrid individuals in Lowland Switzerland (own unpublished data). As we only studied few hybrid sites, we are cautious with generalizing to other hybridizing plants. It will be interesting to see for further species aggregates whether phenotypic hybrid-parent relations turn out to be very different in different regions.
Hybrids are mostly sterile and form relatively small populations (Wagner 1969; Schmid 1982) ; thus, their longer-term persistence is questionable. However, transgressive segregation in hybrids is frequent and formed transgressive phenotypes could contribute to their persistence in nature (Rieseberg et al. 1999; Agbo and da Silva 2014) . In Estonian hybrids, we found transgressive characters for male spike dimensions (SSPL, SC, SSD). This would preadapt plants against selfing, as it increases the distance between female and male flowers. This phenomenon illustrates how hybridization may potentially contribute to ecological divergence via the generation of extreme characters in segregating hybrids, as proposed by Anderson (1949) and Rosenthal et al. (2002) . The relatively high frequency of extreme characters in hybrids in our study supports the view of hybridization as a source of variability upon which selection can act (Anderson 1949; Rieseberg et al. 1993 Rieseberg et al. , 1999 . It contradicts the arguments of Wagner (1969) that hybrids rarely contribute anything new to evolution and simply represent a blend of the parental species characters. It will be interesting to test the adaptive value of novel traits experimentally in the future (Rosenthal et al. 2002) .
Conclusions
Based on our morphological data, we conclude that hybridization and introgression occur between C. flava and C. viridula, but presumably that it is not strong enough to substantially increase the similarity between the two species within the different study regions. Hence, the parental species remain distinct in the southern and northern areas of their European distribution and between-region differentiation is clearly smaller than between-species differentiation. Thus, our study supports the idea that C. flava and C. viridula are separate species.
While regional differentiation within species occurred, region-specific genetic admixing between the two species seemed to have little effect. Thus, regional differentiation was more pronounced in the less common C. viridula than in the more widely distributed C. flava, which could be due to reduced gene flow between the more isolated and smaller C. viridula populations and increased genetic drift in these populations. The observed regional differentiation calls for using multiple environments and large geographic areas when studying closely related hybridizing taxa.
